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(57) Abstract: 

PURPOSE: A method for manufacturing a capacitor 
of a semiconductor device is provided to efficiently 
control oxygen diffusion to a lower electrode, by 
forming a TIN layer having a dense nano 
crystallization and by forming a TaN layer of 
excellent oxide resistance on an interface between 
the TiN layer and a Ta205 layer. 

CONSTITUTION: The first TiN layer is formed on a 
semiconductor substrate having a predetermined 

structure, and is patterned to form a lower electrode. I 

A Ta-O-N layer is formed on the resultant structure including the lower electrode. A rapid thermal process 
is performed in a NH3 atmosphere to densify the first TiN layer, and the TaN layer is formed by using the 
Ta-O-N layer. The Ta205 layer is formed on the resultant structure. The second TiN layer and the third TiN 
layer are formed on the resultant structure, and are patterned to form an upper electrode. 
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g &S= B£M ±*m ?HMA1EH Xfl2 22£, §o1 Tit^g Ta_-Q»e*2J 3^ mmS. AH 

gOI TaN^g TiNSHU TarD^SI MS (HI 5r¥ 2^2^21 g}£tg Si^^g 

2}fll^ 4= 21= 2A>°J 7HEBAIE1 MS. SfgOB St)- 3J0ID. 



SXB 256M ORAM 01^21 2g*? 2A>0flAI glH THEBAIEISJ °S«Sf25 gg5r2»5t= TaA° v =-°Ss 

01 25 7IS2J Ar§EI= S3 101 ? g£°| SiONStSQ #2gO| 3-4HHSE fe£U, 

JHIflAIEIOfl gg*KM 2JCH SJflgg kgAI?IH 2iD. «L TfL-Q^SI g*T S 2rg(HIAI 
g=?oi §E)^E|=B,^£J Tag bhgg gjj SiO- 7145 3HIHAIEJM §S*i££«i, SSI ?HIBA|g±ej 

2Jg 3?fl 7HSrAI€!Cr. 

CVD &g25 Ta.-Q.5fg S*W 3^ d+2S SStfrll 21= BS! eUS Ta(0(C_-HO.O«21 9H 7ri£ *7> 
£1= tfc7r*« 2^2! SEISa=Sf§ £+SrAI?l?ll SD. D.EIH. TaASIg SSSJ $ SIS H.-0 gEr201 

a a si- 6txrc~8oo*c2j ssobai iaiz* §s uHtVB s§g ^aiw ub &«tra a^Ttan* 2 

^2f2j ujgg SO ^SAI2JD. 0121- IT£ Sf¥ 2^2J AfjfOfl °)t^ SSI JHIBAISi 32g Si 
£*Sr7l *<XB g£I^Eie^°S «M* S^g SSt^ $ MSg2S Sit^g 50 A g£2J ^JJflS S3 

sra #isj sf« g^esj sk+ sxi^e ahsw silk aau. soa gsej tjs si^g ^icw 

CH^ »*|St2| ^^g §£SI Si^ WSJ gEI*5EI5SK)l /+SHLI01 SiO-2fOI CMS SI 

^sei= ggom. oi g >gm\?\ 9\n sinh,^ <=wm §7 f Ai?i 2221 st-goi cn*j7a^s ?i-?as 

A|E= S3 #4=2t0l 7-8 g£2J SiNsOl ^171- S7r£Ml £&£r mi SiNSf g TaASfSJ ?HEHA|£!il 

s^si s±Ai?i7fl lasM ^^?^I7^ zntm sisd. ra&A), ^xhchi oi=ei e+iiw ch«i wotoi 

311, 2! 7^ S^Oil LtfEh ?H El AJ Si (Depletion Capacitance) *jSOI l^SIXI IH» 

3^(Ref factory MetaQg 9HHAIE12J S^2S A>gS^ AlEg Sr>S 5I2IQ. OIS TiH^S ^ 

goi e« 3ooo*c g£g fen, s&sjei uh^i sssj m& gf^ej-ss A^gtiii st^oi, »^stoi * 

^ oicro ohia-cm^S^SAI ESt^ ^ El 501 micro ohtn-an e.'2!CHl HloKH ^^SrD. SrXISt, 

if 4: S9I7HHIAI &n B§OI SO. S IMA! Uf2r SOI T*ASHlf St»m 2ig UB- 414 

•c OI^MAiS B[g2J Si A>S 0JUA1 (Bibbs Free Energy^ g°J 2tg 7r2£S«l, TitfcSfSS mm 
* »gg » ^ 2JCK 



S ^S2J a»H 9H1BA1E1°| 2*8 JHSBAISi&g M*|-A|?OT Sr^ S^SEXfl iA>°l 3HIHA|Ei Jdl2 SSg 

gOB §7rg »3Qtr 4= Sl= iA>2| JHEBAIE1 S« S^g XHSSr^Ol 2JQ. 

S ggSI Sag SSjfle}-°l ^JBg g7rAIS D}2I S^g §7 f AIS 4= S{2, 5r¥ S^^l S^ 

g g7rA!?1 ?HEBAISi 2Jg S7rAIS 4= SiS iA r 2| ?HI8A|E1 312 ^gg n36r=CH 21Q. 



S STSMAIc 7H EH A| EH °S»5|££ TaA^g A r gSr= S^g TiN°|^ TaN°*£) OIS ? 

2S ^, TiN2fg TaASfSJ ^Sr¥ Argots MIN ^?2W1A1 TiNS|°J dSI-g WWW 

TaNSfg TiNSf S r ^ 2^21- TaA^2>2J TflSOil Sg^Q. 

Orffl [a HOB UERb U r 2F SO I TaN^ Ti^efa^:^ fe^SOl SH. SJtJ42S 371 UBSOfl Ta.-OsetSr^ 
MS0BAI2I §SOI 5201, IgSi 37|7r 30~40AgE2! Uin §§(nano-crystalline)2S DH^ 

25|g ?m ^2)73 Sia £ 100 Ad Ur2r SOI TaA^ MSg g«Sr»g 

2000K §£2J US g«Elg 7|g^ v UBOflE SJg°J S2 AfS OilUAl^ ?f2| Stg °AISIOI SS^ MS 
g Sg 4 SIQ. 
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TiN 


TaN 




~3000*C 


~34Q0*C 




~5.ieV 


~5.4eV 






30— 40 A 




fflicro ohm-csi 


-200 raicro ohm-aa 




NaCl 


NaCl 


Lattice Parameter 


4.33A 


4.23A 



B 1T3£ OiaS! TaNSfg TiW3|g S^tKM tm 3^?g SOU TaA^g §*»fe 2rSMAI 

*!D. TiN5{g gsft!- # Ta^g S^g- 01 TaA^SI gH2i Ta(QCA)«EJg SH/d Tim&i £3 
H Ta-O-N^g 8PI SamU Na l*«7IDiAI 2^ ggtKRTN) §§g gA]*HQh 01 !r§g SfttOI TiN 
*m £g£rAI3?II2, TiN >m SHQBM SSAiaCr. OIOL £71 Ta-0 S^AIOilS TaA^SJ 5£J s 

se* ^axi?iAi ass ir^assrg g^Ai^a. 

Oj£f 1T£ Ti^a TaN^2| gig tt¥ S^g a«*> ^ ToA^tS Ta(QCA)«2* BH§ 71121 Or 

■ MgmOt fi*t»Ch TfcOPtg t££tl » RTN «ag TaN^g aSSKEl 3^10J TiN^ g£f 

8 KM £!^g ««tlCr. 0|9i &0| TiNSfg ?HI§AiEJ2J Aj-gafe ^3tHlA1 TiN°Of SSfil 

s>3 To-OA 1, AfOiOii £+±W CHtl" Stt* ^Ai^Sj <*%>S.M TaNSfg S«*P0 EI3, 2^ ^Al £ 
2HW 2J5| g» WfiBAie^ OlOfl 3*1 TaA*t21 !£lffl£ tfftf 2§0I ?rS«W, TfcQ^ra Eh 

21 SSttBreakdovn Voltage)! §7rAiU £ SiQ. 3BIH, 22^ ±WWAI SILH 3HI8AIE1&2J ±50QIA| 
EftS (Spacer Margin)g fiQ 3§SJH£ ^ ©i Q# mH ?HIlAi@£g HSif Oltf£S SAiSPI 

flfl S^SJ 3^g aei^Qlj ^g§fe HS8 ?|gg WSIISrOI ?HIHA|EiZ^ #a(Shortage)2J 
S 3^AIH * SICK 



a saw ttts esa ±k°\ muMB mz. sss ^§21 71s ^01 m 1 tin 

Ta-O-N^g **£t>^ EKJW, NH, &?)7IOflAi 2^ SA|§Kfl 6^1 Ail 1 Jimm 5ESSAI 

?IJ2, fe^l Ta-0-N5f££ TaN°m ^S^fe TaASfS 9«I2K SSI 

^?2E ^OH 2 Ti^ S A31 3 Ti^g ^ IHEi^OI ^^or~ B?flg StWKM 



Oi^K S9# fl^fOl S tSi #AB$I ggo^HAF ^Q. 

£ 2(a) LHAj SE 2(c)» S t&S ffl^ES ^Af2J ^ilHAlEi Sili SSS tfSWI ^i^H ^Ai^H^ 

£A|*h ^Af2J B3S0ICK 

£ 2(a)g &2Sr3, ^S^J S«S STSESI #¥0fl §3^(12)1 SfitCr. §3^(12) 

°J ^§ ^2«KM 7IS(11)2J S^g i^Al^l^ S^^g S^SJD. LH¥ 

Ofl ga3(13). £^ SSJ#(14) a ^ &X|ef(15)g S#AI?1 *<S6K31 S^^-g DHStfQ. SSI 

^2|(£AI2?H)g $ 18 Ely 51-01 ^^IM kgAiaa. 2*8 4^(HI 

» 1 TiNW(16)g m<£*l W IBEiyahU tT^^g 731^01 S^g M 1 TiN^(16)S 

Ticu2f mm ^ix-as A^gm- cvo sag oig^ra ^g*o. t& a^g stm aa 

(HI Ta-0-N°l(l?)g ^ig^Q. Ta-0-^(17)s umg ?\±W> S» 7r^S ArS^hOj TaA^ IS 
^ Al-SS^ Ta(0(CA)sg ghHLHS SgJAia 10-50A g£«J £?MS 

£ 2(b)g S2E«rS, NH, g^PIWIAI 2^ Sgg ^AISKM n 1 Tir^(16)g 2UlW?i 

i2, TaN°|(18)g SS^a. OIOI, 9tS 600 LHAI 800*cS tJQ. Ta^(18)S TaCl^h KHt PiSIS 

0|g^ CVD 2jS aSU" 4=£ 2i£D), TaN5|(18)S Ta-0-N°|(17)g NH, M9I7I0JA1 gEfZSDh ^ 

ag ^Aiera asir aa sa ^ TaA^09)# ssw. TaA^09)s lacotyt^g 
§§s $rii, o.g e^g mm ^gg oig§ra ioo-i20A2i s-ms. as^Q. £E«>. 

TaA^«19)^ SJ^i ^^£r# 2EMS 4= 2i£C3. 50 -60 A ^Mg 1»SS§H3, N, 

2f ttS g« S^I^IMAi gEfZED^ ^ag ^A|«> 3^ 50-60A ^MS 2^r «3S TaA 

^(19)2J ^ SSlrg ?I*HAI M^f ^ S2PIO0AJ gE^OK^Sg tf § 

g^A|5?PI ^l^fl 650X: N? gS-PIMA! 5^ §SS SSg ^Al*0. ttS, ToASf(19» QAI 

NH,g?|?|(HAl 2^ mXEJl Smm {gMtm l*Jk*&\ 5Sg TaNSfg SSS 4=£ 2iCK 
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s 2(cm s^sra. En =?z 2^08 m z wv&mm «stro. a 2 Tiwattaof cyo 

sism. Tici^i NH.g as 7hts sra 500-700x21 ssobai 2oo~5ooa°i ^mbs sstto. nan, 

a 2 TiN^(20) 2¥011 a 3 TiN5t(21)fi S2SJD. HI 3 Ti^(21)S PVD&gg OlgSKM 200- 500 AH) 



232] 

2£*/ urn m\ s us oi 2isra o§2* =2171- sick 

*1SB, TIN5|g TaA^HJ g= fgg M§Sh3g DB IT«S1S 2^ i*& SHIg §BlS17i 9\ti IS 2 
£|0| flg*f Uh: ^SaH IHi+a-SOl S4=fc> TaNSJg TiNatfU Ta_-Q,^2| 

Sli? 2^2! Jill 1 TiM2f2:S2J t*& SK+t SgsJ2S 2JHHT * 2iD. 

mm, TaN°fs TaAsrm gsj^s ygspi uigoa ssaa §§g «aiv on jus gggoi arsst 
s 21 ©xre? 4= sio. 

*SaB. 78S0BAI21 2^ i+SHW 2JoB SKiSlS 2*0 ?HHAie^2| *J23* SSSIfcJ TBS iSSSOfl 2| 
£J 2f?2J §71 fltfU ttfltt 4 3D. 

SIB, 3HUAJ@^3tg BOIT 4= 71 SOU 8M* 2^2| S71A1?! JUDAISM STg 

S71AI7IS »gg XB e -i!SW SmSLSAH , 3H1AIE1 A|-0|°J ±MO\± Q121 SD &38|£S «ttV 4= 
210. 



1. ±§21 ^£71 SSI! o^ai 7| e 2¥M HI 1 TiN°|g SJgt? $ EHEUslSKfl 2^g 
SSSfe 371121. 

271 Sl« 2^S 2 ffl ^2. Ta-O-NSfg SSS1S EPH2K 

NK MWIOflAi g»ei S§g gAISKH 271 HI 1 TiNSJg 2HS1AI7II!, 271 Ta-O-NSfSS Tatei 
g «gS^ B7H21-, 

2M ^2 2¥M TaA^s S2S1S B?B2h 

2*0 75 2*00 HI 2 TiHSj- a M 3 TlN^g «2*t * HEtySKM 2* 2^g §2S1S EWlg 
5101 01*012 2g «32£ SfS BEII ±*>2| SI IB AJ El HI 2 gB. 



2. 391 1 «0I SiOiAl, 4^1 HI 1 TIH^g TiCl 4 21 HH.M 53 71SIS Algols CVO gTSg 018 

era §2 sis sis ^g°s ois ±a>2i wibaiei s« 



g^?tf 3. *fl 1 %m SWA!, 291 Ta-O-NS,^ HI&S 71^M AlgSKfl Ta(0(tH«)«M S5U1 

LHS S&JAI31 10 LHXI 50 A 21 ^«1S *J£oV= 21 iS2S Sfe BJSa iA~12| 5HIBAIE1 B|2 



4. M 1 ttOI aOIAI, 271 KH, S9I7IMA12I g«S| SS= 600 LHAI S30*c2| 2£E(HIA1 
^AlohS 5i SIS BJEfl 47J2I JHIBAIH »S. 



S^Sf 5. HI 1 tKM 2101 A|, 271 TaHSfS Ta-O-N^g ^gSlAI 3ffl TaCU21 NH, 71 Ug W9tt CVO 
«2SF= 5g SIS SEXfl iA121 ?HIBA1E1 HIS ^S. 



6. HI 1 *MHI 2501AI, 271 TaN2|# 271 Ta-0-N2fg NH, S917I01IAI gEl-^01 *)£lg ^AISIOI 
e«SlS 2# SIS iftSJ JHI0A1E1 H1£E K«. 



S^tf 7. n 1 «M SUNAI, 271 TaA^S Ta(0CA).g 5SI i§5 SH2, ObM E>g 7hiS SIS 
MOCVO g^lg OlgSlOl 100 LHA1 120A2| ^MS. S2SIS 2!e ^S®S ShS ±A>2| 5HMAIE1 

HI2 



8. HI 1 tHHl SiCHAi, 271 TaA 9 ^ 50 LH7CI 60A2| 1» g^TSUl, H^l 0,21 5^ g 

91 71 OB Al gfiliDl flSJg 4'Altr * 50 LHA1 60 A 21 ^MS. W S^SKM S2S1S 21 g m®2.S. SIS 
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mSM ?Hfifi AIE1 35 

9. a 1 tHW SJOIAj, #71 TaA2|g «gt* ^ NrStt 0^3 S« M?I7|0«AI AlBI 
S fiAISKQ, 65CTC N? £*I7IOiiAJ mME\ S§i £A]Sfe EPIB 01 £M 



10. M I «M 21CHAI. #71 TaA^m NH. S^l^lOflAJ g«3 §§§ tfAISKM #71 TaA 

11. 3 1 «MHI SIWAI, #71 n 2 TiN^£ TiCl.S- ?S 7*±£ *JS CVO 500 
LHXI 7Q0T2J SEOOAI 200 IHXI 500 A ^JfflS iS£S SF= BtESQ ±Xf°J 5HIHAIE1 

IITO 12. XI 1 tKM SiOiAJ. #7! SI 3 Ti^lS PSfl ffffifi OigSKa 200 LH XI 5Q0A2J 5im «# 
f 0 



12C0 



-i — < — i — ■ ■ i" ' — r 



TaN <* lOTaaOs -^Ta 2 N+5/2Cfe 



- — 5™ ♦ 2Ta20 5 — 5Ti0^4TaN ♦ 1/2N2 



T 

687K(414°C) 



406 ©00 



i i L- i. i — i, i . » — J — . 

1000 *20B 1600 «QJ> MOO 

(K) 
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